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The causes of syncope in seemingly normal children, ado- 
lescents and young adults are not completely known. The 
sporadic and unpredictable occurrence of syncope in af- 
fected patients and the extensive and frequently unreward- 
ing cardiac and neurologic nvestigations that such patients 
undergo make syncope adiagnostic challenge. Insusceptible 
older persons with recurrent syncope, the upright ilt test, 
with or without isoproterenol infusion, has recently been 
shown (I-5) to be effective in reproducing syhlcope ornear 
syncope; symptoms elicited by upright ilt have been asso- 
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ciated with hy~otension and bradycardia n these older 
persons. The purpose of this study is to describe a noninva- 
sive protocol for the upright ilt test and to evaluate its 
efficacy for eliciting syncope or near syncope among a 
selected group of seemingly normal young patients with 
unexplained syncope. 
e~m~ti~~s. Syncope ed as a transient loss of 
consciousness and muscle tone that by history w41s not 
suggestive of other altered states of consciousness. Near 
syncope (presyncope) was defined as premonitory signs a d
symptoms ofimminent syncope (that is, severe lightheaded- 
ness, severe weakness, transient bearing loss or graying 
vision). 
Patient e~ar~ct@rist~cs. There were 1 I msle and 9 female 
patients, ranging in age from 7 to 22 years (mean 12.5). The 
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number of previous yncopal episodes ranged from 3 to 30. 
No patient was taking any cardioactive medicine at the time 
of study. Previous investigations had failed to identify a 
cause for syncope and included a thorough cardiac and 
neurologic evaluation, as well as a I2 lead electrocardiogram 
(ECG) (20 of 20 patients), 224 h of ambulatory ECG 
monitoring (15 of 20 patients), two-dimensional echocardio- 
gram (16 of 20 patients), electroencephalogram (18 of 20 
patients), fasting blood sugar measurement (I9 of 20 pa- 
tients), exercise stress test (3 of 20 patients), computed axial 
tomogram (4of 20 patients) and nuclear magnetic resonance 
images of the head (2 of 20 patients). 
Upright tilt test protocol. Written informed consent was 
obtained before th procedure. Parents were informed and 
their consent was obtained before the tilt test was performed 
on minors. The procedure was performed in the fasting state. 
without sedation and on an outpatient basis. The patients 
walked to the laboratory and were positioned on a Quinton 
hydraulic table modified with a foot board to permit weight 
bearing, Heart rate was monitored continuously with a MAC 
1 electrocardiograph (Marquette Electronics), and 15 to 30 s 
ECG recordings (recording speed 25 mm/s) were obtained 
every minute throughout the study. Blood pressure and 
average heart rate were measured atI min intervals using the 
Dinamap system (Criticon). which computes blood pressure 
over a period of I5 to 30 s and provides reliable readings for 
values >30 mm Hg systolic and >20 mm Hg mean blood 
pressure. Blood pressures lower than these values or rapidly 
changing values do not give a measurable signal on the 
Dinamap display. When symptoms developed, the Dinamap 
system was recycled to obtain measurements every 30 s. 
After 5 to 10 ruin of recording in the supine position, the 
patient was tilted to a 90’ upright position for I5 min. If 
symptoms did not develop in the baseline state. the patient 
was returned to the supine position and isoproterenol infu- 
sion was started at  low dose (0.02 to 0.04 &kg per min). 
After heart rate and blood pressure stabilized (approximate- 
ly 5 to IO min), the patient was tilted upright. This protocol 
was repeated atsuccessive stages using medium (0.05 to 0.06 
Clglkg per min) and high (0.07 to0.1 &kg per min) isopro- 
terenol infusion doses. 
TIte study IWS terminnted if syncope or presyncope 
occwred, the high isoproterenol infusion stage was com- 
pleted without symptoms orsevere intolerance (for example. 
severe headache or nausea) to the isoproterenol infusion 
occurred. Isoproterenol was not administered to patients 
who developed symptoms in the baseline state, 
For the purpose of analysis, fear stages were designated: 
WY I = 5 to IO min in the supine position in the baseline 
state, stage 2 = I5 min in the upright position in the baseline 
state. stage 3 = 5 to IO min in the supine position at the 
maximal isoproterenol infusion dose and stage 4 = 15 min in 
the upright position at the ;naximal isoproterenol infusion 
dose. 
Data acquisition a d statistical na~ysis~ Mean heart rate 
and mean blood pressure were averaged for the 3 min before 
upright ilt (stages I and 3). and mean heart rate and mean 
blood pressure recordings for up to 3 min before onset of 
symptoms during upright tilt (stages 2 and 4) were averaged. 
The RR intervals were digitized off line from the ECG 
tracings (recorded at 25 mm/s) using a digitizing board 
(Calcomp). Consecutive RR intervals were measured from 
the last minute recorded inthe supine position (stages I and 
3) and from the minute preceding the onset of symptoms 
during upright tilt (stages 2 and 4). 
The .following variables were eralaated daring supine 
observation, upright tilt and at the time of symptoms: 
cardiac rhythm, average heart rate, average blood pressure, 
average RR interval and heart rate variability. Heart rate 
variability was described by I) the standard deviation of the 
RR interval, 2) the standard eviation of the RR interval 
expressed as a percent of the mean RR interval, 3) the mean 
of the absolute difference between consecutive RR intervals, 
and 4) the mean of the abs&e difference between consec- 
utive RR intervals expressed 2’; 9 percent of the mean RR 
interval. In patients who did not develop symptoms in stage 
2 or 4, measurements were made at the time corresponding 
to the average time of symptom development in stage 2 or 4 
in symptomatic patients. 
Statistics. Analysis of variance and Student’s t test for 
paired and unpaired comparisons were performed as appro- 
priate, using the Statistical Program for Social Sciences/PC 
statistical package. 
s 
Occurrence of symptoms during upright ilt. No patient 
developed symptoms when supine, but I6 of 20 patients 
developed symptoms during upright ilt. Specifically, no 
patient developed symptoms of presyncope or syncope 
during stage I, but four patients developed symptoms during 
stage 2 (group I). In these four patients, the average time to 
symptom onset after upright ilt was 8.5 min (range 2.5 to 
12.5). No patient became symptomatic during stage 3, but I2 
patients developed presyncope or syncope during stage 4 
(group 2). After upright tilt with isoproterenol (stage 4), the 
average time to symptom onset was 4 min (range I to IO). 
Finally. four patients did not develop symptoms during the
study (group 3). 
Heart Rate and Blood Pressure 
Supine baseline (stage 1). No difference in the mean heart 
rate, mean blood pressure (Fig. I) or heart rate variability 
(Fig. 2 and 3) was found among the three grolops of patients 
during stage I. 
Uprigbt ilt baseline (stage 2). In comparison with values 
in stage I, the increase in mean heart rate and mean blood 
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arisen of mean heart rate (
r the three patient groups du 
01. Patients were supine during stages I and 3 and 
upright during stages 2 and 4. Isoproterenol was administered 
stages 3 and 4. Group 1 (circles) 
symptoms during stage 2; group 2 
developed symptoms during stage 4; 
without symptoms during the study. 
group 3 and stages 2 and 3 versus stage 1. 
pressure (Fig. I) and the decrease 
(Fig. 2 and 3) was similar in patients 
upright tilt. In group 2 patients, blo 
received isoproterenol 
isoproterenol was similar in both groups; compared with 
baseline measurements, the mean heart rate increased sig- 
nificantly (Fig. 1) but mean blood ssure did not change 
significantly in either group. variability decreased 
(Fig. 2 and 3, lower panels) this variability was 
normalized to the mean RR interval, no change occurred 
mean RR interval were not significant, but heart rate vari- 
ility was strikingly different in patients who subsequently 
veloped symptoms (group 2) com~arcd with those who did 
not (group 3). Variability in RR interval was often obvious in 
patients who subsequently developed symptoms (Fig. 4). 
This is further illustrated by comparison ofhighly significant 
differences in the standard deviation of the RR interval (Fig. 
ure 2. Variability of the 
ing the four stages of the study p 
as the standard deviation of tbe 
expressed as a percent of the mean 
intervals were measured from the la 
minute preceding the onset of symptoms 
arable time were made 
0.05 for group 2 versus 
group 3 and stages 2 and 3 versus stage 1; **p -=I 0.05 for stage 4 
versus stage 3; other sy 
ean of the absolute di between consec- 
Intervals (Fig. 3). §iga~fica~t 
heart rate variability was normalized 
s. Three distinct terns of heart rate 
were observed. These erns were characterized ascar- 
A cardioinhibitory response was characterized by a dra- 
matic decrease in heart rate (maximal RR interval 6.5 to 
i I s) at the onset of symptoms. This tern occurred inthree 
patients who developed symptoms d 
A vasodepressor response was observed in tnjo patients. 
In both patients, the development of syncope during upright 
tilt with isoproterenol infusion was a iated with a de- 
crease in blood pressure (to 62/24 mm [mean 381 and to 
g [mean 361, ~es~ectively~ and a concomitant 
increase in the sinus rate (cycle length 270 and 4 
respectively). In these two patients, the fastest heart rate 
(shortest cycle length) occurred at the time of symptoms. 
A mixed respome characterized by both heart rate slow- 
ing and blood pressure decrease was observed in I1 pa- 
tients. This occurred uring stage 2in I patient and in stage 
4 in IO patients. In six patients, the average blood pressure 
was 50 mm Hg (range 45 to 54). and in five patients itwas too 
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Figure 3. Variability ofthe RR interval for the three patient groups 
during the four stages of the study protocol. Variability isassessed 
as the absolute value of differences inadjacent RR intervals (RR- 
DIF) and is expressed as a percent of the mean RR interval 
(RR-DIF%). *p < 0.05 for group 2 versus group 3 and stages 2 and 
3 versus tage 1; **p < 0.05 for stage 4versus tage 3; other symbols 
as in Figures I and 2. 
low to be measured (mean 520 mm I-Q). Three of the li 
patients remained in sinus rhythm with a maximal cycle 
length increase to 700, 880 and 900 ms, respectively; 7 
patients showed a junctional escape rhythm with a maximal 
Figure 4. Electrocardiographic leads I, II and III showing RR 
interval variability during the minute before to development of 
syncope during upright tilt with isoproterenol infusion in a 19 year 
old man. 
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cycle length of 580 to 1,200 ms and 1 patient had a ventric- 
ular escape rhythm with a cycle length of 880 ms (Fig. 6). 
s. Patients who did not develop symp 
tams during upright ilt or upright ilt plus isoprotere~~~ 
experienced very little change in mean blood pressure with 
or without isoproterenol infusion, and their heart rate in- 
creased appropriately. 
most (go%) young, seem- 
d recurrent syncope, 
upright ilt results in hypotension or bradycardia, or both, 
and reproduces symptoms, thus providing aplausible xpla- 
nation for the cause of recurrent syncope in these patients. 
On the basis of heart rate and blood pressure changes 
associated with development of symptoms, three types of 
response were identified: cardioinhibitory, vasodepressor 
an 
reduction in left ventricular volume during both the baseline 
state and isoproterenol infusion. It has been postulated that 
vigorous contraction of the relatively empty left ventricle 
activates myocardial sensory receptors, which, in suscepti- 
ble persons, initiates an inhibitory reflex that results in 
hypotension or bradycardia, or both. The reduction in 
ventricular volume during upright ilt is analogous to that 
which occurs during bemorr~age and is known to result in 
activation of vagal afferent fibers (74). A number of agents, 
including isoproterenol, have been shown to sensitize these 
vagal afferent fibers, and beta,-adrenergic antagonists de- 
crease fiber activity (9). dycardia that occurs during the 
inhibitory reflex is thou to be mediated by parasympa- 
thetic activation, whereas hypotension resulting from dila- 
tion of resistance v ssels and constriction ofthe capacitance 
vessels is believed to be due to sympathetic nhibition 
(8-I 1). 
TY rise. Heart rate and blood pressure 
during symptoms of syncope or presyncope induced by 
upright tilt with or without isoproterenol have been reported 
to be similar in normal subjects without a prior history of 
syncope (3,ll) and in patients with a history of unexplained 
syncope (1-S). With few exceptions, ymptoms have devel- 
oped in association with modest hypotension and bradycar- 
dia. as exemplified by the mixed response in patients we 
studied. This is in contrast to the carotid sinus hypersensi- 
tivity syndrome, in which symptom occurrence has been 
associated with marked hypotension alone (vasodepressor) 
or marked heart rate slowing alone (cardioinhibitory), or 
botb (12). Chen et al. (1) observed that the principal differ- 
ence between the mixed response incarotid sinus hypersen- 
sitivity syndrome and the hypotension and bradycardia 
associated with upright tilt was the time of occurrence ofthe 
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Because either index may vary depending on the mean RR 
interval, both were normalized for the mean RR interval. 
No signijicant difference in any index of heart rate 
variability was present among the groups during supine 
recordings. During upright tilt with isoproterenol, indexes of 
heart rate variability were significantly greater in sympto- 
matic versus asymptomatic patients. To the best of our 
knowledge, increased heart rate variability has not been 
previously described inthis setting. Understanding the basis 
for this increased variability may provide important insight 
into the inhibitory reflex elicited by upright tilt. 
Conclusions, The finding that upright ilt produces dif- 
ferent patterns ofalteration i heart rate, blood pressure and 
heart rate variability illustrates the complexity of the neu- 
rally mediated responses to apparent activation of cardiac 
sensory receptors. These varied responses may have impor- 
tant implications ccith regard to natural history and therapy 
of syncope in seemingly healthy oung patients. 
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